We investigate the relationship between black hole mass (M BH ) and Doppler boosted emission for BL Lacertae type objects (BL Lacs) detected in the SDSS and FIRST surveys. The synthesis of stellar population and bidimensional decomposition methods allows us to disentangle the components of the host galaxy from that of the nuclear black hole in their optical spectra and images, respectively. We derive estimates of black hole masses via stellar velocity dispersion and bulge luminosity. We find that masses delivered by both methods are consistent within errors. There is no difference between the black hole mass ranges for high-synchrotron peaked BL Lacs (HBL) and low-synchrotron peaked BL Lacs (LBL). A correlation between the black-hole mass and radio, optical and X-ray luminosity has been found at a high significance level. The optical-continuum emission correlates with the jet luminosity as well. Besides, X-ray and radio emission are correlated when HBLs and LBLs are considered separately. Results presented in this work: (i) show that the black hole mass does not decide the SED shapes of BL Lacs, (ii) confirm that X-ray and optical emission is associated to the relativistic jet, and (iii) present evidence of a relation between M BH and Doppler boosted emission, which among BL Lacs may be understood as a close relation between faster jets and more massive black holes.
INTRODUCTION
BL Lac type objects and flat-spectrum radio quasars populate the class of Active Galactic Nuclei (AGN) denominated as blazars. The spectral energy distribution (SED) in BL Lacs usually shows a doble-peaked shape. Depending on whether the first peak (synchrotron contribution) lies in the optical-IR bands or if the peak is located at X-ray regime, the BL Lac is classified as low-peaked BLLac (LBL) or high-peaked BLLac (HBL), respectively. The large majority of AGN detected by the Fermi Large Area Telescope in its first 11 months of sky survey are blazars and about 40% of these sources are classified as BL Lac type objects (Abdo et al. 2010) . As has been shown by recent studies (Lister et al. 2009 , Tornikoski et al. 2010 , γ-ray blazars tend to have preferentially higher Doppler factors. Using a sample of radio-loud AGN (including mostly blazars), Arshakian et al. (2005) ⋆ E-mail: leon@kurp.hut.fi have drawn attention to a positive correlation between black hole mass and Doppler factors. According to these two pieces of observational evidence, we may rise the following question: should we expect a population of heavier black holes for those blazars detected at high-energies? In order to address this question, it is extremely important to obtain reliable estimates of the black hole masses in blazars.
Besides, in order to successfully interpret and model the variability in blazars, it is not sufficient to reproduce the observed spectral energy distributions (SEDs), the variability must occur on a physical timescales that is consistent with the chosen model. Thus, in order to discriminate between theoretical models and get a true estimation of the physical scales in the central engine of blazars, a reliable estimation of the black-hole mass must be known.
When measuring black hole masses in strongly beamed radioloud sources (i.e. blazars) using the gas in the broad line region (BLR) and assuming its virial motion (Kaspi 2000 , Peterson et al. 2004 ), we should be aware of the potential biases in the measure-ments: (i) a possible flat-geometry of the BLR would introduce an orientational dependence of the FWHM, (ii) the contamination of the optical continuum emission by non-thermal radiation from the jets and (iii) non-virialized motions in the BLR , Ilić et al. 2009 ). All these potential biases make black hole estimations in radio-loud AGN a considerable challenge.
However, nature is particularly kind and provides us the BL Lac type objects, which are those blazars where the host galaxy is not outshone by the AGN emission. Thus, enabling us to study radio-loud AGN host-galaxy properties and obtain reliable and bias-free estimations of the black hole mass via the tight relation between the mass of massive black holes and the stellar velocity dispersion (Ferrarese et al 2001; Tremaine et al. 2002) .
In this work we perform measurements of the velocity dispersion and bulge magnitudes in a sample of BL Lacs to enable reliable estimations of black hole masses. By comparing our black hole estimates to multiwavelegth luminosities and broad-band spectral indices, we re-examine the relationship between black hole mass and Doppler factors. In the following, we use a ΛCDM cosmology with values within 1σ of the WMAP results (Komatsu et al. 2009 ); in particular, H0=71 km s −1 Mpc −1 , Ωm = 0.27, ΩΛ = 0.73.
THE SAMPLE
Our BL Lac sample consists of the sub-sample of objects in the large sample of BL Lacs from SDSS and FIRST (Plotkin et al. 2008) for which reliable host galaxy and AGN decomposition has been performed in the SDSS spectrum and optical images. The Plotkin et al. (2008) sample of BL Lacs was selected jointly from SDSS DR5 optical spectroscopy and the FIRST radio imaging. Their selection criteria was based on positional matching between SDSS and FIRST surveys, and spectral constraints commonly used in recent works to classify and characterize BL Lacs, such as no exhibition of broad emission lines and a Ca II H/K break measured depression C 0.4. Within the 256 higher confidence BL Lac candidates in the original sample, we have selected 179 objects in the redshift interval z∼ [0.06, 0.50], within which strong stellar absorption lines can be measured reliably. As such, it will be in the following identified as the original BL Lac sample. In order to separate the spectral contribution of the host galaxy and AGN, we used the spectral synthesis of the stellar component method. This allows the star formation history, stellar velocity dispersion of the host galaxy and continuum spectra of AGN to be modeled and recovered (see section 3.1 for details). After a visual inspection of the modeled spectra, 101 out of 179 objects have been excluded from the analysis because of the poor fitting in the spectral range available, leaving us with 78 BL Lacs. We found that the spectra fitting goodness depends mainly on the signal-to-noise ratio and the rather moderate contribution of AGN optical continuum emission (< 80%). Based on the X-ray to radio flux ratio (Padovani and Giommi, 1995) , we may classify our sample in 45 HBL and 33 LBL.
MEASUREMENTS

Stellar velocity dispersion
The 179 BL Lac spectra from the original sample have been retrieved from SDSS-DR7 and corrected for Galactic extinction using the maps of Schlegel, Finkenber & Davis (1998) . Then they are brought to the rest frame and resampled from 3400 to 9100Å in steps of 1Å with a flux normalization by the median flux in the 4010-4060Å region. We use the stellar population synthesis code STARLIGHT 1 to obtain the best fit to an observed spectrum O λ , taking into account the corresponding error σ obs . The best fit is a combination of single stellar populations (SSP) from the evolutionary synthesis models of Bruzual & Charlot (2003) and power-laws to represent the AGN continuum emission.
The code finds the minimum χ 2 ,
where M λ is the model spectrum (SSP and power-laws), obtaining the corresponding physical parameters of the modeled spectrum: Star formation history, xj, as a function of a base of SSP models normalized at λ0, b j,λ , extinction coefficient of predefined extinction laws, r λ , and velocity dispersion σ⋆ which obeys the relation:
In order to model the line-of-sight stellar motions, the code uses a Gaussian distribution of G centered at the velocity v⋆ with dispersion σ⋆. We use a base of 150 SSPs plus 6 power laws in the form F(λ) = 10 20 (λ / 4020) β , where β= -0.5, -1, -1.5, -2, -2.5, -3. Each SSP spans six metallicities, Z = 0.005, 0.02, 0.2, 0.4, 1 and 2.5, Z⊙, with 25 different ages between 1 Myr and 18 Gyr. Extinction in the galaxy is taken into account in the synthesis, assuming that it arises from a foreground screen with the extinction law of Cardelli et al (1989) . spectra (3800-9100Å) . To estimate the reliable starlight contribution to the optical spectrum we used a uniform weighting to fit all the absorption features within the spectral range mentioned above. When fitting the observed spectrum, we combined a set of powerlaws (to account for the AGN continuum luminosity) with stellar populations. This allows the reliable simultaneous decomposition of the host galaxy and AGN optical continuum emission to be performed. However, in the case where the host galaxy is under ongoing star formation we should consider the possibility that AGN continuum emission may include a contribution from young stars (Cid-Fernandes et al. 2004) . Table 1 lists the values of the stellar velocity dispersion and AGN continuum luminosity (L5100) for those 78 BL Lacs which were successfully modeled with STARLIGHT. The uncertainties in σ⋆ are the typical errors in the synthesis method, suggested by Cid Fernandes (2005) based on the S/N at 4020Å . The spectral synthesis result for the BL Lac type object J000157.23-103117.3 is shown in Figure 1 , the top-panel shows observed spectra (top black line), host galaxy model (green line), AGN component (red line) and residuals (bottom black line) are shown. In the bottom-panel , we show details of the modeling around the absorption features.
Bulge luminosity
We have modelled the surface brightness profiles of the BL Lac host galaxies with the two dimensional image decomposition program GALFIT (Peng et al. 2002) . The host galaxy imaging has been retrieved from the SDSS photometry images in g, r and i bands. Previous studies , Nilsson et al. 2003 , O'Dowd & Urry 2005 have shown that the luminosity profile of BL Lac host galaxies is better represented by an r 1/4 law (de Vaucouleurs profile). Therefore, we assume a de Vaucouleurs profile to model the host galaxy surface brightness in the sample of 78 BL Lac objects selected as mentioned in the previous section (3.1). The initial guesses of the parameters were obtained using Sextractor (Bertin 1996) . Also, we used Sextractor to create mask images for the fitting. We selected bright non-saturated stars in the BL Lacs fields as PSFs. Sky background was fitted first and left fixed during model fitting. In this way, the total number of parameters is reduced when de Vaucouleurs profiles are being computed.
Every BL Lac galaxy is modeled in the g, r and i SDSS bands, independently. Then, by comparing the quality of the fittings in the 3 bands we decide on the total quality of the fitting. Only the galaxies with good fittings in all three bands are considered as part of our analysis. In Table 1 , we list the 71 BL Lac host galaxies best fitted with a simple de Vaucouleurs profile. The bulge magnitude in each band is estimated by using the total magnitude of the galaxy and finally the bulge magnitude in R-band (MR) has been computed using the photometric transformation equations found by Jester et al. (2005) . The final bulge R-band magnitudes have been corrected for Galactic extinction (Schlegel et al. 1998 ) and we apply the K-correction from Poggianti (1997) . We include in Table  1 the absolute bulge magnitudes for our best fits. Figure 2 shows the results of the structural decomposition for the BL Lac object J084225.51+025252.7.
BLACK HOLE MASSES
Following Tremaine et al. (2002) and McLure and Dunlop (2002) , the expressions to estimate black hole masses can be expressed in the following forms:
log MBH (σ⋆) = 4.02(±0.32) log σ⋆ σ0 + 8.13(±0.06)
log MBH (MR) = −0.50(±0.02) MR + 2.73(±0.48)
where σ⋆ is the stellar velocity dispersion, σ0 = 200 km s −1 and MR is the absolute bulge magnitude in R band (corrected to our adopted cosmology). The black hole masses derived from σ⋆ and MR are designated as MBH (σ⋆) and MBH (MR), respectively in columns 4 and 6 of Table 1. As can be seen from Figure 3 , there is a generally good agreement between black hole masses estimated by both methods. The average values derived from σ⋆ and MR are log MBH σ⋆ = 8.38 ± 0.04 and log MBH M R = 8.38 ± 0.03, respectively, with an average difference of ∆log MBH = −0.008 ± 0.038 . This result gives us additional confidence in the reliability of our black hole mass estimations. Since the relation MBH − σ⋆ suffers of less intrinsic dispersion, is the most accurate (Vestergaard 2009 ) and σ⋆ measurements are not affected by po- Table 1 . Column description: (1) SDSS name, (2) alias given by radio surveys, (3) stellar velocity dispersions in units (km s −1 ), (4) log of black hole mass estimated from stellar velocity dispersion in units of (M ⊙ ), (5) R-band bulge absolute magnitude, (6) log of black hole mass estimated from R-band bulge luminosity in units of (M ⊙ ), (7) log of radio luminosity at 5GHz, (8) log of nuclear optical continuum luminosity at 5100Å , (9) log of X-ray luminosity at 1 keV, (10) log of synchrotron peak frequency in (Hz) and (11) the classification of BL Lacs based on the X-ray to radio flux ratio, following Padovani & Giommi (1995) . Note: All luminosities in this table are in units of erg s −1 Hz −1 and synchrotron peak frequencies in italic font have been taken from Nieppola et al. (2006) tential beaming effects, in the following we focus our analysis on black hole masses estimated via stellar velocity dispersion. Figure 4 shows the distribution of black hole masses estimated for HBL and LBL objects. As can be seen, the ranges of black hole mass in both populations are consistent with each other.
The Kolmogorov-Smirnov test shows that there is no a significant difference between the distributions of black hole mass for HBL and LBL objects, confirming results in previous BL Lacs studies (Falomo et al. 2002; , Woo et al. 2005 
THE BLACK HOLE MASS-LUMINOSITY RELATIONSHIP
In Figure 5 we plot our black hole mass estimations versus multiwavelength luminosities. Luminosities at 5 GHz and 1keV have been taken from Plotkin et al. (2008) . Disentangling the AGN component from the host galaxy contribution as described in section 3.1 allowed us to recover the optical nuclear continuum luminosity at 5100Å. The solid green lines in the panels of Figure 5 represent our fit to the data. Treating MBH as the independent variable, an ordinary least-squares fit yields
The Spearman rank correlation coefficients listed in Table 2 , confirm a positive correlation for the above relations at high significance level. These relations are fits for the combined HBL and LBL populations. However, the best-fit parameters and correlation strengths are slightly changed when HBLs and LBLs are considered separately. The fitted relations for LBL and HBL are shown in Figure 5 as dotted and dashed lines, respectively. Table 3 lists the best-fit parameters for each BL Lac population. It is worth noticing that the slopes derived for the LBL population are somewhat steeper than those derived for the HBL population.
The correlation between black hole mass and X-ray luminosity becomes stronger and more significant when computed separately for LBL and HBL populations (see Table 2 ). This arises naturally if we bear in mind that HBL and LBL are by definition two different populations in the X-ray regime. The Spearman rank correlation test provides evidence of a positive correlation between MBH and L5GHz, L5100 and L 1keV at a confidence level > 98% when restricted only to LBL. We note that when considering exclusively HBLs, the correlations between MBH and L5GHz, L 1keV are weaker, though still significant (> 95%). However, the Spearman rank correlation test between black hole mass and optical luminosity for HBL provides only evidence of a trend (at 80% confidence), this may betray the presence of a stellar contribution in the optical continuum luminosity of HBLs. Whether the stellar component differs significantly between LBL and HBL will be addressed in a forthcoming paper. As mentioned before, the correlations described above have been computed using the black hole mass derived from stellar velocity dispersion. However, the best-fit parameters are vir- Table 2 for the correlation and best-fit parameters.
tually unchanged when the estimations of black hole mass via bulge magnitude are considered. In search of some physical insight into the black hole massluminosity relation, we explore correlations between X-ray/optical and radio emission. For luminosity-luminosity correlations we have taken into account the common dependence with the redshift by using partial correlation analysis. The results of our partial correlation analysis between luminosities are given in Table 2 . Radio and optical continuum luminosities are shown in the top panel of figure 6 , where a significant correlation between L5GHz and L5100 is found Table 2 . Spearmank's correlation coefficients between black hole mass and multiwavelength luminosities for BLLacs in our sample. Partial correlation methods have been performed for correlations of the luminosity-luminosity type, in order to remove the common dependence with redshift. We consider a correlation to be significant if the probability that the correlation is given by chance is P 5 × 10 −2 or in other words at a significance level of 95% Table 3 . Best fit parameters for the M BH -luminosity and luminosityluminosity relations shown in Figure 5 and 6, respectively.
1.00 ± 0.13 0.86 ± 0.14
0.24 ± 0.09 0.63 ± 0.10 0.60 ± 0.10 at very high confidence level with a correlation coefficient ρ = 0.6 and the probability that such correlation is not due to chance is > 99.9%) . This suggests that the emission in the two bands has a similar origin, more specifically non-thermal radiation from the jets. The best fit to the combined sample is shown as a solid line in the top panel of Figure 6 , whereas dotted and dashed lines represent the best fits for the LBL and HBL populations. Nevertheless, when attempting to compare the distributions of L5GHz and X-ray luminosities, it turns out that we do not find evidence of significant correlation when the dependence of redshift is removed (see bottom panel in Figure 6 ). However, when HBL and LBL are considered separately, the Spearman rank correlation strength between luminosities becomes higher and significant (> 98%). This comes naturally, considering that HBL and LBL form two different populations in the X-ray regime. Table 1 lists correlation and best-fit parameters for each population. We stress that when computing correlations with the X-ray luminosities, we use upper limits for those sources non detected in Xrays. It is conceivable that real values would produce an even higher separation between HBL and LBL populations, which would not change the significance of correlations computed.
DISCUSSION
In this work we have measured stellar velocity dispersions and bulge luminosities for BL Lac objects identified in the SDSS and FIRST surveys, enabling us to estimate masses for the black holes in our sample. The range of black hole masses computed from stellar velocity dispersion is in substantial agreement with those estimated from R-band bulge magnitude, the average difference of black hole masses estimated by both methods is ∆log MBH = . Correlation between radio luminosity at 5GHz and optical continuum (left panel) and Xray (right panel) emission.The correlation between X-rays and radio emission only holds when considering HBL and LBL populations separately. The solid line gives the ordinary least squares fit to the data, where fitted relations for LBL and HBL populations are shown as dotted and dashed lines, respectively. Best-fit parameters and correlation coefficients among luminosities are listed in Table 3 .
−0.008 ± 0.038 . Within the sample of BL Lacs considered, LBL and HBL sources are indistinguishable in terms of black hole mass. We found that in our sample of BL Lacs, the black hole mass correlates at high significance level with radio (5GHz), optical nuclear (5100Å), and X-ray (1keV) luminosities. Radio luminosity at 5GHz correlates tightly with the nuclear optical luminosity and with X-ray luminosity when correlation coefficients are computed for LBL and HBL, separately, implying that the emission in the optical and X-ray bands share a similar origin, more specifically non-thermal emission from the jets.
We note that the strong correlation between black hole mass and radio luminosity found in this study is in disagreement with the results of Woo et al ( . The distribution of radio-X-ray spectral index (αrx) and synchrotron peak frequency (ν peak ) for BLLacs which SED has been succesfully modelled in Nieppola et al. 2006 . The dashed line gives the ordinary least squares fit to the data. masses found in this work are similar than those found in Woo et al. (2005) and other previous works (Falomo et al. 2003; Dunlop et al. 2003) . Then, these apparently conflicting results may be attributable to the literature compilation done by Woo et al. (2005) where the measurements have not been obtained in a homogeneous way. Whereas in this work all the black hole masses have been estimated in a uniform fashion, data taken with the same instruments. Besides, various studies have found a roughly linear correlation between black hole mass and radio luminosities (e.g. Falomo et al. 2003 , Dunlop et al. 2003 , Arshakian et al. 2005 , although consistent with our study they report a slope higher than ours. This apparent disagreement may be related to the mixed population of radio sources involved in those studies and also due to the different luminosity coverage. The black hole masses used in the previous studies are compiled from literature and mainly computed from the broad emission lines, which might introduce potential uncertainties regarding the location, geometry and non-virialization effects in the BLR , Ilić et al. 2009 ). The advantage of this work over the previous ones, is that our measurements have been performed in a uniform fashion and the 78 black hole masses estimated from the stellar velocity dispersion are free of the potential uncertainties mentioned above.
Since it is well established that the synchrotron emission in BLLacs (and in blazars in general) is affected by relativistic beaming effects due to a fast jet aligned close to our line of sight (Blandford & Konigl 1979 ), then we must expect the emission in BL Lacs to be Doppler boosted. However, we should be aware that luminosities in BLLacs might not exclusively depend on Doppler boosting effects but on intrinsic physics conditions.
As a consequence, the correlation MBH − luminosity found in this work, might be understood either as an evidence of observed dependence between black hole mass and Doppler boosting effects (Arshakian et al. 2005 , Torrealba et al. 2008 or as a relationship between black hole mass and intrinsic physics conditions in each source (i.e. magnetic field strength, jet composition, etc). Unfortunately we can not test in situ the correlation between black hole mass and Doppler factor with our sample of BL Lacs, due to the fact that computation of variability Doppler factors are observationally expensive, requiring long-term monitoring. How- . Black-hole mass -synchrotron peak frequency plane, where the color scale corresponds to the intensity of radio emission, darker colors corresponding to brightest radio-jets . The region located at the bottomright of the plane is exclusively populated by the heaviest black-holes (M BH > 10 8.25 ), brightest radio-jets (L 5GHz > 10 31.5 ) and the lowest synchrotron peak frequencies (ν peak < 10 16 ). Sources contained in this beamed-region fullfill the criteria for which broad band emission is dominated by Doppler boosting effects.
ever, we may attempt to disentangle the population of BLLacs for which luminosity is most likely Doppler boosted, as follows.
Starting from the hypothesis that emission strength in BL Lacs depends primarily on Doppler boosting effects which are characterized by the Doppler factor (D), then derived expressions (5-7) can be seen as L(D) ∝ MBH . Furthermore, it is well established that emission from the relativistic beamed jet is responsible for the lower energy-peak in the BL Lacs SED and its position on the logν-axis is defined as the synchrotron-peak frequency (ν peak ). Using a sample of 89 blazars, Nieppola et al. (2008) found an inverse dependence between the Doppler boosting factors and peak frequencies (D ∝ ν −1 peak ). Such a relation holds for ν peak < 10 16 (Hz), above which Nieppola et al. (2008) argued the D∼ 1. Based on this, we may assume that Doppler boosted emission follow the relation L(D) ∝ ν −1 peak . According to these expressions, we should expect the dependence between black-hole mass and synchrotron peak frequency to be inversely proportionally (MBH ∝ ν −1 peak ) for BL Lacs where emission is dominated by Doppler boosting effects.
In order to find whether BLLacs in our sample fulfill the relations mentioned above, we compile synchrotron peak frequencies estimates for our sample. SEDs for 18 BLLacs contained in this study have been constructed and successfully modeled in Nieppola et al. (2006) . The distribution of peak frequencies with their respective broad band spectral indexes (αRX ) is shown in Figure 7 . Information about the broad band spectral indexes has been taken from Table 6 in Plotkin et al. (2008) . A common least-square fit to the data yields, αRX = (1.23 ± 0.04) + log(ν peak ) × (−0.03 ± 0.01)
This expression allows us to compute the peak frequencies for the rest of our sample. The compiled and computed synchrotron peak frequencies are listed in Table 1 . Figure 8 shows the MBH − ν peak plane where the color scale corresponds to the radio luminosity, darker colors corresponding to brightest radio jets. We note that there is very well defined region located at the bottom-right part of the plane. This region is exclusively populated by the heaviest black-holes(MBH > 10 8.25 ), brightest radio-jets (L5GHz > 10 31.5 ) and the lowest peak frequencies (ν peak < 10 16 ) and in the following we refer to it as the beamed region. 32 out of 78 (40%) BL Lacs in our sample (mostly classified as LBL) are enclosed in this beamed region, fullfilling the criteria for which the broad-band emission is dominated by Doppler boosting effects.
Doppler boosting effects in a relativistic jet are often characterized by the Doppler factor, which is a function of the jet viewing angle and jet speed. Since the jet viewing angle does not play a major role in determining the SED shape in BL Lac type objects (Padovani & Giommi 1995) , we may assume that in our entire sample of BLLacs (LBL and HBL), the Doppler boosted luminosities will not strongly depend on the orientation angle but mainly on the speed of the jet. Hence, the correlation MBH −luminosity for BL Lacs inside the beamed region might be understood as a correspondence between MBH and Doppler factor, being the latest mainly dependent on the speed of the jet. This can be taken as an evidence that more massive black holes produce faster jets in some BL Lac type objects. Thus BLLacs outside the beamed region must have slower jet speeds. Figure 9 shows the MBH -L5GHz plane where the color-scale corresponds to the synchrotron peak frequency. A dashed line has been drawn to approximately separate Doppler boosting dominated BL Lacs, based on their synchrotron peak frecuency (ν peak ≈ 10 16 Hz). As it can be seen, the separation line coincides with an apparent dichotomy in radio luminosity, most likely influenced by Doppler boosting effects. This implies that all sources above the line would shift downwards in Figure 9 if their intrinsic jet luminosity could be observed. For BL Lacs below the dashed line, Doppler boosting should not be a major factor and the observed correlation between black hole mass and luminosity is likely to be intrinsic. If we consider only sources with ν peak > 10 16 , we are still finding that black hole mass correlates (ρ = 0.3, P = 97%) with the radio luminosity, roughly of the form MBH ∝ L 0.5 5GHz . The fact that this slope is shallower than that found for BL Lacs with ν peak < 10 16 (MBH ∝ L 0.8 5GHz ) is merely a consequence of Doppler boosting effects on the MBH − luminosity relation. This suggests an additional intrinsic dependence between black hole mass and luminosity for sources in which luminosity is not Doppler boosting dominated. Whether host-galaxy properties are somewhat responsible for the intrinsic luminosity may be gleaned from the stellar-population synthesis that comes as a byproduct of this study.
SUMMARY
This work presents black hole mass estimations for a sample of 78 BL Lac type objects drawn from the SDSS-FIRST sample of Plotkin et al. (2008) . The main findings of this work are as follows:
• Within the sample of BL Lacs considered, HBL and LBL are indistinguishable in terms of black hole mass.
• The black hole mass correlates at high significance level with radio luminosity at 5GHz, optical continuum luminosity at 5100 A and X-ray luminosity (see Figure 5 ).
• Furthermore, as it can be seen in Figure 6 , optical continuum and X-ray emission are strongly correlated to the radio luminosity, implying that emission in optical and X-ray bands can be associated to relativistic jets.
• When radio luminosity is taken as a third dimension in the plane MBH − ν peak , the sample of BL Lacs separates quite clearly in regions where luminosity is dominated by intrinsic processes and . Black-hole mass -radio luminosity plane, where the color scale corresponds to the synchrotron peak frequency. The dashed line is drawn at ν peak ≈ 10 16 Hz, aiming to divide Doppler boosting dominated BL Lacs (above the line) from sources where Doppler boosting should not be a major factor (below the line) in their luminosity. The correlation between M BH -L 5GHz is present for the overall sample of BLLacs.
by Doppler beaming effects. The former region is exclusively populated by BL Lacs with the heaviest black holes, lowest synchrotron peak frequencies and brightest jets.
• We have found that for a sizeable fraction (40%) of BLLacs in our sample, the emission is dominated by relativistic beaming effects. For these sources, the correlation between black hole mass and luminosity can be understood as an evidence of a correspondence between black hole mass and Doppler boosting factors.
• If we assume a typical orientation angle for the population of BL Lacs, thus the Doppler boosted emission will not strongly depend on the viewing angle but mainly on the speed of the jet. Therefore, the correlation between the black hole mass and Doppler factor suggested by the results found in this work may imply that more massive black holes produce faster jets.
• For sources which are not Doppler boosted we still find a correlation between black hole mass and radio luminosity, suggesting that it must be intrinsic and more massive black holes produce more luminous jets.
Hopefully, results presented in this work will provide the impetus for more observations that look for such correlation among blazars.
